INTRODUCTION
Long Island Power Authority (LIPA) realizes the importance of looking towards the future. LIPA provides electricity to 1.1 million customers on Long Island, including Nassau, Suffolk, and the Rockaway Peninsula in Queens. As a result of this responsibility, LIPA is faced with continually increasing energy needs. While striving to provide reliable, cost-effective service to customers throughout its territory, LIPA has made environmental concerns one of its top priorities.
The Long Island Power Authority's comprehensive program, the Clean Energy Initiative (CEI), is one of the most ambitious programs of its kind. The CEI encompasses nearly a dozen energy conservation programs and cutting-edge research, development and demonstration (RD&D) efforts. The Clean Energy Initiative is a ten year, $355 million program, proposed by New York State Governor George Pataki, to foster the development and application of clean energy technologies, including fuel cells in LIPA territories.
LIPA's Fuel Cell Program (Program) began in 1999 as part of the CEI. The Program shares its objective of furthering commercialization of fuel cell power generators to reduce greenhouse gas emissions with the "2003 Climate Change Fuel Cell Program" of the Department of Defense. This commonality has enabled LIPA to receive financial support to supplement its Program through two awards funded through the Department of Energy's National Energy Technology Laboratory (NETL).
At the beginning of its Program LIPA partnered with Plug Power to demonstrate fuel cell systems' operational characteristics. The partnership emphasized learning and increased benefit to LIPA, its customers, and the evolving technology. Plug Power fuel cells were sold to LIPA under an agreement that included training, monitoring, engineering services, and technical support to operate and maintain the units. The fuel cell systems (FCS) were fully integrated to include a fuel processor, a fuel cell stack, and an inverter. The FCS's were designed to generate up to 5kW with a nominal voltage of 240V at 60Hz. Fueled by natural gas, the FCS produced very low emissions and low noise. While their operating temperature ranged from 255 o K to 313 o K, the FCS's were not designed for waste heat utilization.
In 2000, planning started for the construction of the Long Island Fuel Cell Farm. In 2001, LIPA constructed a 3-acre fuel cell site adjacent to the West Babylon substation. The operation and support of the fuel cell farm required the training of a local service provider. Through competitive bidding, Elemco of Bohemia, NY was selected. Elemco has since then become a valuable partner in the deployment of fuel cell technology throughout Long Island. Elemco's technicians were trained by Plug Power for the operation and maintenance of the fuel cells. A list of the 37 Lorax 3.0 FCS and their locations is listed in Table 2 .
EXECUTIVE SUMMARY
In 1999 LIPA began its Fuel Cell Program as part of its Clean Energy Initiative Program which works with customers, equipment manufacturers, and the energy marketplace to promote energy conservation and clean energy technologies to reduce greenhouse gas emissions. By partnering with Plug Power in 1999 to begin testing and demonstrating fuel cell power plants, LIPA began its effort to support the commercialization of the technology. Originally, 6 Beta model systems were installed at 4 laboratories of partnering sites including Brookhaven National Laboratories, Hofstra University, US Merchant Marine Academy, and State University of NY at Stony Brook. This initiative facilitated several technology advances such as significant reductions in equipment size and costs.
With the lessons learned and developments of the units from Plug Power, LIPA embarked on a multi-million dollar fuel cell demonstration Fuel Cell Farm project focusing on increasing its energy supply to meet the growing energy demands on Long Island without noticeably increasing its greenhouse gas emissions. Systems developed by the FCS manufacturer and a third-party consultant enabled near real-time monitoring of all FCS. These systems monitored key performance parameters while providing alarm notifications when units shut down.
The 37 Lorax 3.0 FCS operated under this Award produced a total of 712,635 kWh. The mean time between failures for these FCS was 2,404 hours (100 days). These units were available and generating 65% of their operational terms with an electrical efficiency of 23.4%. These units were not designed to allow the recovery of the waste heat or thermal output. From generation to generation, improvements included increases in availability and system efficiency. Including equipment, design, fuel, and maintenance, the total project budget was approximately $3.7 million. The resulting cost of the project is $4.95 per kWh.
EXPERIMENTAL
In order to capture performance data, two monitoring systems were used for all fuel cells: Plug Power Quality Tracking Management System (QTMS), and Connected Energy Corporation Central Operation Management System (COMSYS). The COMSYS interface was web-based -sample information is provided in Figure 1 . Key parameters captured from either/or both monitoring systems included:
-Average Electric Output -kWh Energy Output -Electrical Efficiency -Site Availability -Fuel Usage -Capacity Factor -Availability The Lorax 3.0 SU1 is designed to automatically send operational data (sampled every 10 minutes) once per day, via modem/dial-up connection, to Plug Power. Once at Plug Power, the data is entered into the fleet QTMS database.
Furthermore, during every system shutdown, the unit automatically reports to Plug Power its status, error logs and high-speed data. The high-speed data is a packet of data-points taken at a much higher resolution (every second for the last 10 minutes). This information is used to track preventative maintenance items, troubleshoot failures, and dispatch field service technicians. Complete system operational data can also be downloaded directly from the machine by a trained service technician with a laptop and RS232 connection cable.
Additionally, through the Connected Energy's COMSYS, data points were collected via a remote monitoring cabinet using Modbus protocol for communication with the fuel cells. Data was transmitted back to Connected Energy via a phone line with DSL service. A secured website was developed by Connected Energy to report near real-time (5-15 seconds) parameters and alarms near real-time (Figure 1 ). This information was also used for maintenance purposes and to dispatch service technicians in the case of a communication failure with the fuel cell integrated monitoring system.
RESULTS AND DISCUSSION
The 37 FCS listed in Table 2 were fueled by natural gas. Though they were designed to supply up to 5kW of power, their output were set at 2.5kW during normal operation. At the Farm, the FCS were connected to the utility grid, and at the Remote Sites they operated in parallel to the grid supplying power to the facilities. Table 1 lists the Lorax 3.0 target specifications. The table below summarizes the combined Lorax 3.0 Farm fuel cells' performance over their operational life. In general, the Lorax 2.0 and 3.0 units were similar in their performance. Even though the latter was more efficient over its lifetime, the Lorax 2.0 systems had higher average availability.
The Lorax 3.0 Farm project produced 410,106 kWh and cost a total of $2,053,842 ( The construction and maintenance of the Farm has provided unique opportunities for working in partnership with local governments, equipment suppliers, manufacturers, the U.S. Department of Energy, and foreign entities. The Farm site provided a test bed for LIPA and the utility industry to investigate the critical issues related to distributed generation devices.
Remote Sites
The remote sites deployment of fuel cells began in July 2002 with the first installation of a Lorax 3.0 system at the Babylon Town Hall (government customer). This installation was followed by 16 others at various commercial and other government customers on Long Island including 3 at the offices of Suffolk County Legislature in Hauppauge, NY (Figure 4 ) -a complete list of sites is included in Table 2 . All systems operated for a period of 12 to 18 months. Maintenance service calls for the fuel cell systems occurred in general every 3 to 4 months due to a shutdown. Services were considered to be scheduled outages in any one or combination of the following scenarios: -12,000 kWh of output service -Telecommunication related service that did not relate to the electrical performance of the fuel cell system -Follow-up to a previous service for an unplanned outage. The installation, maintenance, and operation knowledge gained from this project became greatly beneficial to the deployment phases that followed in 2004 with the demonstration of 20 Lorax 4.5 fuel cell systems for commercial and residential applications. 
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CONCLUSION
Since the inception of the Fuel Cell Program in 1999, one of LIPA's goals was to advance fuel cell technology as a clean, zero emission energy source that could reduce the current electric load on the transmission and distribution system. Indeed, LIPA's various demonstrations and testing of the Lorax 3.0 fuel cells led to significant technology advances resulting in increased efficiency and availability, decreased equipment size and costs. This project also resulted in great operational experience for LIPA, Plug Power, and the service contractor. Experience and lessons learned led to quicker response time and repair time for the service contractor. As the knowledge base grew installation and maintenance costs decreased.
The 20 Lorax 3.0 fuel cells from the Farm and the 17 similar systems tested at remote sites produced a total of 712,635 kWh. This clean energy production accounted for an emission savings of 1,567 kg (3,454 lbs) of SO 2 , 493 kg (1,086 lbs) of NO x and 84,256 kg (185,752 lbs) of CO 2 .
The project cost a total of approximately $3.7 M, with 88% of that cost emanating from equipment and installation costs. Maintenance outlays accounted for 11% of the total cost; and Fuel, True Up, and Decommissioning costs accounted for the remaining 1%. The overall resulting project rate was $5.21/kWh. These early phases of the Farm and Remote Sites deployment led to a later phase that would deploy 45 fuel cells of the later generation, 25 at the Farm, and 20 at remote sites. This new generation of fuel cells would include improvements such as reduction in unit dimension, reduction in equipment cost, and added ability to recover waste heat, therefore increasing overall system efficiency.
"Fuel cells hold great promise, as an environmentally friendly electric generating technology. We need to develop an understanding of how fuel cells can be integrated with our electric grid, and that's what this project will help identify." -Richard Kessel, LIPA Chairman
